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COP1 NG WITH ENERGY LIMITATIONS IN TRANSPORTATION: 
PROPOSALS FOR MICHIGAN 
April 1979 
EXECUTIVE SUMMARY 
This "white paper" i s  an outgrowth of deliberations and  discussions of 
the Advisory Comnittee to the Michigan Transportation Research Program dur- 
ing the past three years. I t s  focus i s  on fue l s ,  especially liquid fue l s ,  
available f o r  transportation in Michigan's future.  This paper analyzes four 
areas of the energy dilemma: (1  ) exist ing suppl ies  of petroleum; ( 2 )  the 
potential fo r  new fuel subs t i tu tes ;  ( 3 )  the role of energy conservation; and  
( 4 )  economic impacts fo r  Michigan. The concluding section makes recommen- 
dations fo r  a s t a t e  action program. 
The purpose of t h i s  paper i s  t o  cal l  at tent ion of policymakers t o  
special charac ter is t ics  of the national transportation/energy problem that  
will a f fec t  Michigan. Michigan leadership should be a1 e r t  t o  changing factors  
tha t  may require new policies and direct ions for the future.  Appropriate 
i nformati on concerning changes in transportation should be made available t o  
Michigan c i t izens .  
FOSSIL FUEL SUPPLIES 
Since the o i l  embargo of 1973, many studies have assessed national 
and global petroleum reserves and  potential reserves. These estimates have 
been related t o  discovery and production rates t o  reach conclusions on how 
long reserves will  l a s t .  Using various assumptions, the investigators reach 
various conclusions; however, many studies suggest t h a t  the turn of the 
century will bring c r i t i c a l  shortages in supplies of petroleum re la t ive  t o  
i t s  demand. 
Predicting a precise time fo r  t h i s  event,  however, i s  less  important than 
beginning - now t o  prepare for  the inevitable changes. 
The problem facing the United Sta tes ,  and indeed the e n t i r e  industria- 
l ized world, can be simply s ta ted:  We a re  moving from a period of declining 
real cost  of energy and perceived unlimited supplies of natural petroleum --
and gas t o  a period of rising- - real costs of energy and a real decl ine in 
the ava i l ab i l i ty  of these resources. The gap between h i s to r i c  demand 
projections and domestic production cannot continue t o  widen, f o r  both 
pol i t ica l  and economic reasons, even i f  petroleum i s  avai lable on the 
world market. 
POTENTIAL N E W  FUEL SUBSTITUTES 
The nearest subs t i tu te  in qua1 i t y  and quantity t o  the f lu id  fue ls  i s  
coal ,  b u t  t o  u t i l i z e  coal within the framework of the present energy pro- 
duction, consumption, d is t r ibut ion  system, i t  will be necessary to  convert 
t h i s  so l id  mineral t o  a refined f lu id  o r  gas. Unfortunately, the capital  
costs of the conversion technology are  very high; a lso ,  the water re-  
sources needed t o  support the process i s  a serious limiting fac tor .  
Nuclear energy cannot serve as a portable fuel t o  drive vehicles re- 
quired in the present transportation system, agr icul ture ,  and many other 
sectors of the economy. I t s  pract ical  use will most 1 ikely require a n  
el ec t r ica l  l y  based economy. 
Biomass in quali ty i s  a near subs t i tu te  f o r  the so l id  foss i l  fue l s .  
Like coal ,  i t  must be converted to  a 1 iquid before i t  i s  a primary fuel 
for  the present transportation system. In comparison with coal ,  i t  i s  
dil  ute and geographically dispersed. 
I t  i s  the dispersed a n d  intermit tent  quali ty of most of the various 
solar  forms of energy, rather  than absolute quant i t ies ,  tha t  i s  the 1 imit- 
ing fac tor  in t h e i r  economic use. Solar-thermal energy i s  very d i f f i c u l t  
t o  s tore  in large quan t i t i e s ,  and i t  i s  v i r tua l ly  untransportable as heat. 
Hydro and wind a re  primarily work forms of energy which in the past 
have been used d i rec t ly  a t  the point of col lect ion to  drive g r i s t  m i l l s ,  
water pumps, and  weaving looms. In the context of a modern economy, t h i s  
form of so lar  energy i s  most l ike ly  t o  be converted t o  e l e c t r i c i t y  so tha t  
i t  can be transported, integrated and coordinated with other sources of 
e l ec t r i ca l  energy. 
Net Gain 
The divergence in assessments concerning the longevity of natural gas 
and petroleum reserves stems from many variables in making the calculat ions.  
Among these variabjes a re  estimated industr ial  development ra tes  and cos ts ,  
as well as the ava i l ab i l i ty  of a1 ternat ive resources. The calculations 
must consider two key concepts: gross energy and net energy. Gross 
energy i s  t h a t  produced from a given f a c i l i t y  during i t s  l i fe t ime.  Net 
energy i s  the difference between gross energy and the energy used in con- 
s t ruc t ing ,  operating, and maintaining a given fac i l  i t y  during i t s  1 ifetime. 
ROLE OF E N E R G Y  CONSERVATION 
Energy conservation in t ransportat ion,  as presented by the U.S. Sec- 
re tary  of Transportation (1978), ident i f ies  three basic ways t o  improve the 
energy eff iciency of our t ransportat ion sys tem: (1 ) improved management 
of the exist ing systems and improved technologies; ( 2 )  shi f t ing  a portion 
of travel t o  more energy-eff i  ci ent modes ; and (3 )  travel ing 1 ess . 
The recognition of the dominant t ransportat ion ro le  of autos and  trucks 
indicates t h a t  high p r io r i ty  should be placed on increasing the efficiency 
of these vehicles and on the conservation of energy in t ransportat ion.  
The subject of conservation in transportation i s  closely related t o  
land use pol icy.  In f a c t ,  we may conclude t h a t  strong t i e s  and re la t ion-  
ships ex i s t  between transportat ion,  energy, and land use, and tha t  effec-  
t i v e  plans fo r  them cannot be achieved on a piecemeal basis .  
Changes in land use a l locat ions ,  urban form, and levels  of regional 
economic d ivers i f ica t ion  c lear ly  go  hand-in-hand with transportation 
planning and development. Long lead times a r e  required t o  design, develop, 
and modify the transportat ion system in anticipat ion of these changes. 
Further,  t ransportat ion planning can be a positive force in giving direc- 
t ion  t o  land use al locat ions and the community structures so as t o  minimize 
transportation requirements . 
ECONOMIC IMPACTS FOR MICHIGAN 
The Michigan economy, dominated as i t  i s  by the automotive industry, 
must expect serious impacts on i t s  employment, income, and tax revenues 
unl ess special and unusual cooperation i  s establ ished between the federal 
and s t a t e  governments and the transportat ion industry in carrying o u t  cer- 
ta in  c r i t i c a l  t rans i t ions  in our economy. Michigan i s  heavily dependent 
upon low-cost , re1 iabl e ,  and ve r sa t i l e  t ransportat ion t o  support i t s  in- 
dustry. His tor ica l ly ,  the s t a t e  has played a pre-eminent ro le  in develop- 
ing the present system. Our resource base i s  c lear ly  changing, and the 
evolution of our t ransportat ion systems must now take on new di rec t ions .  
Unfortunately, most of the components of energy conservation in 
t ransportat ion imply major reductions in employment opportunities in the 
automotive industry in the medium and long terms. In the long term, con- 
servation measures will prolong the l i f e  of the low-cost natural f lu id  
fue l s .  Also in the long term, increases in the cost  of energy r e l a t i v e  
t o  labor will motivate the development of production technologies in a11 
sectors  of the economy tha t  a r e  r e l a t ive ly  more labor-intensive than they 
a re  now. 
The re la t ionship  between the domestic auto industry and government, 
pa r t i cu la r ly  a t  the  federal l e v e l ,  i s  adversarial in approach and i s  
characterized largely by mutual d i s t r u s t  and suspicion. This s i tua t ion  
must be modified t o  one of cooperation and mutual t r u s t  b u i l t  around sober 
and real i s t i c  understandings of the nature of the problems we face and 
the d i f f i c u l t  s teps tha t  must be taken t o  deal with them. 
Of pa r t i cu la r  i n t e r e s t  i s  the impact of the evolving regulatory con- 
t r o l s  on the  auto industry in Michigan. Recent independent s tudies have 
indicated tha t  the impact of federal regulations i s  a f fec t ing  the auto 
industry in c r i t i c a l  areas such as :  (1 )  premature obsolescence of pro- 
duction equipment; ( 2 )  new capi ta l  formation; ( 3 )  reduction in jobs in 
Michigan by forcing the industry t o  import production equipment and/or 
automotive par ts  from foreign producers ; ( 4 )  magnifying exist ing d i f f e r -  
ences between U.S .  automakers by applying "equally d i f f i c u l t  standards 
t o  unequal companies"; and ( 5 )  possibly creat ing,  from the above impacts, 
annual price increases tha t  will "exceed ra te s  of in f l a t ion  of growth in 
consumer income, " 
The S t a t e  of Michigan must recognize t h i s  potential revolution within 
i t s  most important indust r ia l  base and a s s i s t  in every way possible t o  
ease t h i s  t r ans i t ion  and i t s  adverse e f fec t s  on the Michigan economy. 
I n  pursuit of t h i s  object ive,  i t  i s  recommended tha t  a special task 
force of representat ive leaders be established to: 
1 )  f a c i l i t a t e  improved cooperation between the  various agencies of 
the federal government and the  Michigan transportat ion industry in achiev- 
ing nat ionally establ  ished goals in energy conservation, environmental 
s tandards,  and safety in t ranspor ta t ion;  and 
2 ) -  define specif ic  areas of research and development where 
coordinated and integrated devel oprnents i n  commerce, transportation, 
and human settlements can signif icantly reduce the short- and long-term 
impact of r is ing energy costs on the economy of Michigan and i t s  c i t izens .  
I .  INTRODUCTION 
I t  i s  now a h is tor ica l  f ac t  tha t  the peak of production in con- 
ventional natural gas and petroleum in the continental United States 
occurred in the ear ly  1970s. World production of o i l  reportedly i s  
expected t o  peak between 1985 and the year 2000 i f  present trends con- 
tinue. The f lu id  foss i l  fuels  are  a par t icular  concern, n o t  only be- 
cause of the i r  r a t e  of depletion, b u t  because the economy of the United 
States i s  so heavily dependent upon these fue ls  as a primary source of 
energy. The transportation sys tern, in par t icular ,  depends c r i t i c a l  ly  
upon petroleum for  95% of i t s  energy. 
I f  the reported assessments of future petroleum suppl ies  are va l id ,  
the potential impact on the Michigan economy i s  of deepest concern to  a l l  
of i t s  c i t i zens .  Michigan has h i s to r i ca l ly  played a pivotal ro le  in the 
national transportation industry. Employment , income, and tax revenues 
of the s t a t e  a re  t ied in t r ins ica l ly  to  the exist ing highway system. 
The s t a t e  faces a par t icular ly  d i f f i c u l t  dilemma. On the one hand, 
the Michigan economy (80% of to ta l  production) i s  heavily dominated by 
durable products, the vast majority of which are petrol eum-driven machines 
with or without wheels. On the other  hand, i t s  economy also depends 
upon a low-cost , re1 iabl e t ransportat ion system t o  support i t s  economy 
and provide energy resources. 
- 80% of Michigan production i s  exported. 
- 60% of the economic consumption within the s t a t e  i s  imported. 
- 50% of the foods consumed within the s t a t e  are  shipped in .  
- The second larges t  industry in the s t a t e  i s  tourism. 
- 90% of the energy used in the s t a t e  i s  imported. 
Any long-term adaptations in the s t ruc ture  of the transportation 
system in the s t a t e  and nation t o  reduce the dependence on petroleum- 
driven motor vehicles obviously will have both positive and negative 
impacts on the overall economy in both the medium and long terms. 
B u t ,  given the heavy dependence of the Michigan economy on the auto- 
motive industry, negative impacts a re  potential ly  much greater  than 
positive impacts. 
The purpose o f  t h i s  paper i s  e s s e n t i a l l y  f o u r f o l d :  
a) t o  p r o v i d e  a  c r i t i c a l  e v a l u a t i o n  o f  r e p o r t e d  assessments of  
convent iona l  non-renewabl e  resources and t h e  p o t e n t i a l  a v a i  1  - 
a b i l i t y  and c o s t  o f  a l t e r n a t i v e s ,  
b) i d e n t i f y  p r i n c i p l e s  and areas i n  a d a p t a t i o n  wherein t h e  energy 
i n t e n s i t y  and c o s t  o f  t h e  t r a n s p o r t a t i o n  system can be reduced, 
c )  i d e n t i f y  t h e  p r imary  areas o f  economic impact  t h a t  must be 
cons idered i n  po l  i c i e s  d i r e c t e d  a t  energy conserva t ion  i n  t r a n s -  
p o r t a t i o n ,  
d )  i d e n t i f y  s p e c i f i c  p o l i c y  d i r e c t i o n s  and recommend s p e c i f i c  
mechanisms f o r  pu rsu ing  them. 
E l E R G Y  R E S O U R C E  L I M I T A T I O N S :  A  C R I T I C A L  E V A L U A T I O N  OF R E P O R T E D  A S S E S S M E N T S  
Steps a r e  i n  progress t o  improve t h e  energy e f f i c i e n c y  o f  t h e  t r a n s -  
p o r t a t i o n  system and o t h e r  components o f  t h e  economy, and much remains 
t o  be done i n  t h i s  regard.  But ,  beyond improv ing t h e  e f f i c i e n c y  o f  the  
t r a n s p o r t a t i ; o n  system as i t  now e x i s t s ,  we a r e  s t i l l  faced w i t h  t h e  i n -  
escapable f a c t  t h a t ,  compared t o  t h e  t i m e  s c a l e  r e q u i r e d  f o r  s t r u c t u r a l  
changes i n  t h e  t r a n s p o r t a t i o n  system, convent iona l  forms o f  n a t u r a l  gas 
and o i l  a r e  r a p i d l y  be ing dep le ted  t h e  w o r l d  ove r  and as y e t  t h e r e  a r e  
no foreseeable  f u t u r e  s u b s t i t u t e s  i n  q u a l i t y  and q u a n t i t y  a t  comparable 
p r i c e s .  F u r t h e r ,  t h e  p o t e n t i a l  impact  o f  a c i d  r a i n s  r e s u l t i n g  f rom 
changes i n  t h e  compos i t ion  and heat  balance o f  t h e  e a r t h ' s  atmosphere 
a r e  o f  increased concern. 
I n  r e t r o s p e c t ,  i t  i s  now c l e a r  t h a t  t h e  e x t e n t  o f  t h e  g e o l o g i c a l  
rese rve  o f  convent iona l  pet ro leum i n  the  c o n t i n e n t a l  U n i t e d  S ta tes  has 
been known a t  l e a s t  s i n c e  1956, when M. King Hubbert  p r e d i c t e d  w i t h  
remarkable accuracy t h a t  t h e  peak o f  t h e  U.S. pet ro leum p r o d u c t i o n  c y c l e  
would occur  i n  t h e  e a r l y  1970s. H i s t o r i c a l l y ,  t h i s  was a l s o  t h e  y e a r  
i n  which then P r e s i d e n t  Eisenhower approved t h e  N a t i o n a l  I n t e r s t a t e  
Highway Sys,tem, which committed t h i s  n a t i o n  t o  t h e  development of  a  
v e r y  v e r s a t i l e  t r a n s p o r t a t i o n  mode. 
These events are  s igni f icant  because (1)  they i l l u s t r a t e  tha t  th i s  
nation can a n d  has taken long-term perspectives in planning the basic 
s t ruc ture  of important sectors  of our economy, and ( 2 )  they i l l u s t r a t e  
the fragmented nature of the understanding surrounding some of our most 
important planning e f f o r t s .  I n  pr inciple,  information was available in 
1956 from which t o  ant ic ipa te  a possible overdependence of the proposed 
transportat ion system on petroleum. 
The o i l  embargo of 1973 touched off  a seemingly endless se r i e s  of 
detai led studies directed a t  reassessing and refining e a r l i e r  assessments 
of national and global reserves and t h e i r  probable discovery and produc- 
t ion ra t e s  in the decades ahead. Not only o i l  b u t  a l l  foss i l  fue ls  a re  
now the subject  of many invest igat ions,  assessments, and confl ic t ing  
predictions and debates on how much e x i s t s ,  how long i t  will l a s t ,  and 
what the poss ib i l i t i e s  a re  fo r  the development of nuclear,  so la r ,  and 
other a1 te rnat ive  sources of energy as replacements. (See examples in 
references c i ted  a t  the end of t h i s  paper.) 
The time cycle fo r  1 iquid hydrocarbon production as presented by 
the American Petroleum Tnsti t u t e  i s  indicated in Figure 1 .  The g a p  be- 
tween h i s to r i c  demand projections and domestic production i l l u s t r a t e d  
in t h i s  f igure  cannot continue to  widen f o r  both pol i t ica l  and economic 
reasons, even i f  petroleum i s  avai lable on the world market. 
The nearest subs t i tu te  in quali ty and quantity t o  the f lu id  foss i l  
fue ls  i s  coal.  B u t  t o  u t i l i z e  coal within the framework of the present 
energy production, consumption, and d is t r ibut ion  system, i t  will be 
necessary t o  convert t h i s  sol id mineral t o  a refined f lu id  or  gas. I t  
i s  the only way t h a t  t h i s  resource can be u t i l ized  in the present t rans-  
portation system. The conversion of t h i s  resource t o  refined f lu ids  
under the  best of conditions can probably only take place with ef f ic iencies  
of 55-65%. Unfortunately, the capital  costs  of the conversion technology 
i s  very high and water resources t o  support the process a serious 1 imi t- 
ing fac tor .  Under present economic conditions, synthet ic  fue ls  derived 
from coal will cost  3 t o  5 times as much as current natural fue ls .  
I t  i s  possible, of course, to  u t i l i z e  coal resources d i rec t ly  f o r  
the generation of e l e c t r i c i t y ,  which in turn can be reconverted back t o  
both work and heat. B u t  to  do so will  require extensive modification of 
Figure 1 
FORECAST OF U. S, LIQUID HYDROCARBON PRODUCTION 81 DEMAND 
Sources: American Petroleum Institute Published Da ta (1976 
U.S. Geological Survey, Circular 725 (1975) 
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exist ing power generating faci  1 i t i e s  t o  avoid excessive environmental 
damage, and i t  will require fundamental and massive changes in the 
s t ruc ture  of our transportation system t o  u t i l i z e  the e l ec t r i ca l  
form of energy. In th i s  sense, coal i s  not a universal primary fue l .  
I t  cannot be regarded as a complete subs t i tu te  fo r  the f lu id  fue l s .  
Nuclear energy has somewhat s imilar  cha rac te r i s t i c s .  I t  cannot 
serve as a portable fuel t o  drive mobile vehicles required in the pre- 
sent  transportation systems, agr icul ture ,  and many other sectors  of the 
economy. I t s  practical use will most l ike ly  require an e l e c t r i c a l l y  
based economy. For these and other reasons, the physical and technical 
s t ruc ture  of an economy (incl  uding transportat ion) based primari 1 y on 
nuclear fuel will be subs tant ia l ly  d i f ferent  from the s t ruc ture  of an 
economy based on f lu id  foss i l  fue ls  or  a combination of the two. 
Biomass in quali ty i s  a near subs t i tu te  for  the so l id  foss i l  fue l s .  
Like coal i t  must be converted t o  a 1 iquid before i t  i s  a primary fuel 
fo r  the present t ransportat ion system. Unlike coal ,  i t  has n o t  been 
concentrated in time and space by natural geophysical processes. In 
comparison t o  coal ,  i t  i s  d i l u t e  and geographically dispersed. 
Solar-thermal energy i s  also diffused and d i l u t e .  In addit ion,  
i t  i s  in termi t tent .  I t  i s  very d i f f i c u l t  t o  s to re  in large quant i t i tes  
and i t  i s  v i r tua l ly  untransportable as  heat. Therefore, i t  must be 
developed primarily as a decentral ized source in very close proximity 
to  the end use or converted t o  e l ec t r i ca l  form. 
Hydro and wind a r e  primarily work forms of energy which in the 
past have been used d i rec t ly  a t  the point of col lect ion t o  drive g r i s t  
m i l l s ,  water pumps, weaving looms, e t c .  In the context. of a modern 
economy, t h i s  form of so lar  energy i s  most l ike ly  t o  be converted t o  
e l e c t r i c i t y  so t h a t  i t  can be transported, integrated,  and coordinated 
with other sources of e l ec t r i ca l  energy. 
Direct conversion of so lar  radiat ion t o  e l ec t r i ca l  energy i s  also 
technically feas ib le .  However, 1 i ke solar-thermal and wind, the re- 
source i s  d i lu te  and in termi t tent .  
I t  i s  the dispersed o r  d i l u t e  and intermit tent  nature of most of 
the various solar  forms of energy rather  than absolute quanti t ies  tha t  
a re  the l imit ing fac tors  in t h e i r  economic use. Consider biomass, fo r  
example. Forest products, agricultural  crop residues,  and other  forms 
of biomass can be accumulated or  concentrated over time on a variety 
of regeneration cycles.  The foss i l  fue ls  upon which we now depend are  
in f a c t  concentrated forms of biomass accumulated over an extremely 
long regeneration cycle. In addit ion,  some of t h i s  biomass was "pro- 
cessed" by nature to  form natural o i l  and gas. When these reserves 
are  exhausted, much of what was done by nature on an extremely long 
time scale must now be done by man on vast ly shorter  regeneration 
cycles,  using manmade mater ia ls ,  devices, and energy. From t h i s  pcr- 
spective alone, there appears t o  be l i t t l e  hope tha t  we can ever pro- 
duce synthet ic  f lu id  foss i l  fue l s  from biomass sources on a continual 
basis in quantity and a t  costs comparable t o  the natural fue l s .  
Similarly,  hydro energy i s  an extremely d i lu te  form of work energy 
resul t ins  from f a l l i ~ g  ra in  and snow. I t  i s  col lected,  concentrated, 
and stored by the network of natural streams and r ivers  on re l a t ive ly  
short  and dependable regenration cycles--one or a few years.  Unfor- 
tunately,  most of the large semi -natural "solar-hydro col lec tors"  have 
already been developed in the U.S. ,  and they provide only a small per- 
centage of our current energy "needs ." Many small hydro units t h a t  
were abandoned in the early part  of th is  century can and are being 
redeveloped. 
Much of the debate and divergence in assessments of the longevity 
of natural petroleum and  gas as well as the  potential development r a t e s ,  
cos t s ,  and availabi l  i t y  of a1 ternat ive  resources (coal , nuclear,  and 
the various solar  forms) centers around the d is t inc t ion  tha t  must be 
made between gross energy production and the accessible or  net e n e w  
tha t  can be derived from geological reserves or  from renewable a l t e r -  
nat ives.  Clearly, a quantity of energy Ef must be fed back from the 
economy t o  build and operate any energy conversion system as i l lus t r a t ed  
in Figure 2 .  The system, in turn,  will over i t s  l i fe t ime del iver  a 
quantity Eo of energy t o  the economy. Three related policy questions 
a re  of central concern in evaluating the cost  and ava i l ab i l i ty  of a1 - 
t e rna t i  ves : 
1 )  What i s  the r a t i o  of energy produced by the system t o  the 
energy invested in i t  measured over i t s  economic 1 ifetime? 
Figure 2 
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2) What i s  the r a t i o  of the net energy delivered by the systen~ to  
the gross energy i t  produces, i  . e . ,  what i s  the net energy 
return measured as a f rac t ion  of the gross output? 
3) What i s  the cost  of the energy produced re la t ive  t o  labor and 
other pecuniary costs of production? 
The ra t io  
energy del ivered - - Eo 9 = 
energy invested Ef 
i s  called the energy gain of the system. I t  i s  only when the gain i s  
greater  than one t h a t  development of an a1 ternat ive energy system ul t i -  
mately resul t s  in a net energy return t o  the economy. 
The second r a t i o  
net energy produced 
m = = (1 - l / g )  
gross energy produced 
can be regarded as a f igure of merit or coeff icient  of performance, useful 
in comparing a1 ternat ive sys tems. 
The relat ionship between the energy gain g and the coefficient  of 
performance i s  shown in Figure 3 ( a ) .  Estimates of the energy gain for  
l i g h t  water reactors ,  fo r  example, range between g = 5 and g = 15 f o r  
an operating 1 i f e  of 40 years. Corresponding estimates of the energy 
gain for  f l a t  plate so lar  col lectors  t h a t  l a s t  30 years range between 
g = 2 and g = 3. Referring t o  Figure 3 ( a ) ,  the coefficients  of perfor- 
mance fo r  the two sy-stems are very d i f ferent :  m = 0 . 7  - 0.9 and 
rn = 0.2 - 0.5, respectively. In contrast  t o  e i the r  of the above examples, 
the energy gains fo r  conventional natural gas and oi l  systems are  well 
above 25, with coefficients  of performance approaching 1 . The energy 
gain fo r  nonconventional sources of natural hydrocarbons such as geo- 
pressurized gas, coal seam gas ,  and o i l  shale a re  comparatively much 
lower, being one or l e s s  in many cases. The energy gain f o r  synthetic 
f lu id  fue ls  produced from coal a r e  in the v ic in i ty  of 10 and 15, and  
from agricultural  grain somewhere between 1 and 2. If these figures are 
correc t ,  then ( refer r ing  t o  Figure 2)  the net energy from the grain i s  
only a very small f rac t ion  of the gross production. 
The unit cost of the energy produced as a function of the gain g 
and the unit  cos t  Xf of the energy fed back from the economy as derived 

from Figure 2 i s  
where Xo(Eo) represents the non-energy costs of conversion per u n i t  of 
output -- labor,  financial s charges, and other pecuniary cos ts .  In 
general,  the non-energy costs  are a function of the design capacity Eo 
of the conversion units .  They typical ly decrease with increased scale 
of operation. A posi t ive cost  indicates financial expenditure and a 
negative cost  indic ia tes  financial returns per unit  of energy flow. 
In general,  the cost  of the energy fed back f o r  the development 
of the conversion system will d i f f e r  from the cos t  of the energy pro- 
duced by the system. The difference can be considered as a cost  subsidy 
xs, i . e . ,  
X f  = - (Xo + X S )  
The above equations combine t o  give the cost  X o  of a unit  of the 
energy as a function of the gain g ,  the price subsidy Xs, and the pecun- 
icary costs  xc(E0). 
The conditions under which a l t e rna t ive  conversion systems are u l t i -  
mately competitive w i t h  the foss i l  fue ls  they supplement occurs when 
Xs = 0, i . e . ,  when 
The coeff ic ient  
i s  appropriately cal1,ed the coeff ic ient  of cost .  I t  represents the 
fac tor  by which the pecuniary costs  (non-energy cost  of conversion) must 
be multiplied t o  obtain the t rue  cos t  of the  energy produced. Stated 
another way, i t  represenLs the ultimate cos t  of energy re la t ive  t o  
1 abor and other pecuniary costs  fo r  a1 ternat ive  systems i n  relat ionship 
t o  t h e i r  r e s p e c t i v e  energy g a i n  c o e f f i c i e n t s  g .  As F i g u r e  3 ( b )  i n d i -  
ca tes ,  t h i s  c o e f f i c i e n t  i s  v e r y  h i g h  f o r  low-ga in  systems and approaches 
u n i t y  f o r  h i g h - g a i n  systems. 
A h i g h  c o e f f i c i e n t  o f  c o s t  i n d i c a t e s  s p e c i f i c a l l y  t h a t  a  l a r g e  
f r a c t i o n  o f  t h e  energy produced by t h e  system i s  r e q u i r e d  f o r  i t s  con- 
s t r u c t i o n  and maintenance. I t  i s  an i n d i r e c t  measure o f  t h e  r a t e  a t  
which t h e  r e a l  c o s t  o f  energy d e l i v e r e d  from a1 t e r n a t i v e  sources w i l l  
e s c a l a t e  w i t h  t h e  d e p l e t i o n  o f  cheap f o s s i l  f u e l s  now used f o r  t h e i r  
c o n s t r u c t i o n  and maintenance. Energy sources hav ing  v e r y  h i g h  c o e f f i -  
c i e n t s  o f  c o s t  may never become economica l l y  c o m p e t i t i v e  w i t h  t h e  f o s s i l  
f ue l s  t h e y  a r e  i n tended  t o  r e p l a c e .  Except  f o r  wa te r  h e a t i n g  and pass i ve  
space h e a t i n g  , s o l a r  h e a t i n g  and w ind  g e n e r a t i o n  o f  e l e c t r i c a l  energy 
c u r r e n t l y  c o s t s  2-3 t imes  as much as conven t iona l  sources.  S ince t h e  
ga ins  of such systems a r e  r e l a t i v e l y  low, t h e  c o s t  advantage w i l l  n o t  
improve v e r y  r a p i d l y  w i t h  r i s i n g  c o s t s  of  conven t iona l  f u e l s .  
To a  degree, t h e  energy g a i n ,  and hence t h e  c o e f f i c i e n t  o f  p e r f o r -  
mance and t h e  c o e f f i c i e n t  o f  c o s t  f o r  any g i v e n  energy system, can be 
improved th rough  techno1 o g i  es and sys terns t h a t  reduce t h e  energy i n  t e n -  
s i  ty o f  t h e  p r o d u c t i o n ,  d i s t r i b u t i o n ,  and maintenance processes.  I n  
r e f e r e n c e  t o  F i g u r e  3 ( a ) ,  smal l  energy sav ings i n  c o n s t r u c t i o n  d i s t r i  - 
b u t i o n  and maintenance t r a n s l a t e  i n t o  l a r g e  improvements i n  t h e  c o e f -  
f i c i e n t  o f  performance and c o e f f i c i e n t  o f  c o s t  f o r  l ow-ga in  systems. 
On t h e  o t h e r  hand, t h e  c o e f f i c i e n t s  o f  performance f o r  h i g h - g a i n  systems 
a r e  r e l a t i v e l y  much l e s s  s e n s i t i v e  t o  such sav ings.  There fore ,  as t h e  
economy s h i f t s  t o  a1 t e r n a t i v e  sources hav ing  s i g n i f i c a n t l y  l ower  energy 
g a i n s ,  t h e  o v e r a l l  economic r e t u r n s  f r o m  c o n s e r v a t i o n  a r e  more t h a n  
p r o p o r t i o n a t e l y  increased.  
The energy g a i n  o f  a  proposed a l t e r n a t i v e  system i s  a l s o  c r u c i a l  
i n f o r m a t i o n  i n  assess ing how l o n g  i t  w i l l  t a k e  f o r  a  proposed energy 
i n d u s t r y  t o  pay back t h e  energy t h a t  i s  i n v e s t e d  i n  i t ;  i .e., how l o n g  
a f t e r  commercial i z a t i o n  beg ins  w i l l  i t  be b e f o r e  t h e  proposed energy 
i n d u s t r y  ( s o l a r - t h e r m a l  , wind energy, n u c l e a r  power, coa l  g a s i f i c a t i o n ,  
e t c .  ) beg ins  t o  show a  n e t  energy r e t u r n  t o  t h e  economy. The answer 
depends b o t h  on t h e  energy g a i n  and t h e  r a t e  o f  g rowth  o f  t h e  i n d u s t r y ,  
as i l l u s t r a t e d  i n  F i g u r e  4. The r e s u l t s  shown a r e  f o r  an assumed growth 
F i g u r e  4 
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r a t e  o f  14% p e r  y e a r  i n  t h e  number of 1  i g h t  water  r e a c t o r  u n i t s  i n  
o p e r a t i o n  and a  range of energy ga ins  between 5  and 25 as i n d i c a t e d .  
As t h e  assumed growth  r a t e  and an energy g a i n  o f  10, f o r  example, i t  
takes 12-13 yea rs  b e f o r e  t h e  n u c l e a r  genera t i ng  i n d u s t r y  begins t o  
"pay o f f "  i n  energy. 
I t  i s  t h e  i n t r i n s i c a l l y  l o n g  t i m e  de lays  assoc ia ted  w i t h  t h e  de- 
velopment of l ow  g a i n  energy sources, i l l u s t r a t e d  i n  F i g u r e  4, t h a t  
may make i t  imposs ib le  ( a t  any c o s t )  t o  deve lop a1 t e r n a t i v e  sources 
f a s t  enough t o  compensate f o r  t h e  d e c l i n e  o f  t h e  n a t u r a l  f l u i d  f o s s i l  
f u e l s .  I t  i s  f o r  t h i s  reason t h a t  t h e  t ime  element i s  so c r i t i c a l .  
Consider,  f o r  example, t h e  assessment o f  t h e  g ross  energy t h a t  con- 
c e i v a b l y  m i g h t  be produced f rom v a r i o u s  sources by t h e  y e a r  2000, as 
g i v e n  by John W .  Duane i n  F i g u r e  5". The p r o p o r t i o n  o f  energy f e d  
back by t h e  economy t o  deve lop these a l t e r n a t i v e s  increases w i t h  t ime,  
because most  o f  t h e  a1 t e r n a t i v e s  have a  much lower  energy g a i n  than 
t h e  n a t u r a l  f l u i d  f o s s i l  f u e l s  they  r e p l a c e .  Consequently, t h e  n e t  
energy a v a i l a b l e  f o r  t r a n s p o r t a t i o n  and consumer goods p r o d u c t i o n  
w i l l  be a  much s m a l l e r  f r a c t i o n  o f  t h e  gross  i n  t h e  y e a r  2000 than 
i t  i s  now. 
There a r e  some computa t iona l  and data  problems i n v o l v e d  i n  a c t u a l l y  
assessing t h e  energy ga ins  o f  a1 t e r n a t i v e  systems. The r e s u l  t s  depend 
upon how f a r  back i n t o  t h e  t r a n s p o r t a t i o n  and process ing network one 
goes i n  t h e  energy account ing  process,  and t h e y  depend on t h e  tech -  
n o l o g i e s  o f  p r o d u c t i o n  and modes o f  t r a n s p o r t a t i o n  used a t  t h e  v a r i o u s  
p o i n t s  i n  t h e  network.  For  t h i s  reason, one may q u e s t i o n  t h e  s p e c i f i c  
va lues o f  energy ga ins  used i n  t h e  above analyses,  b u t  t h e  b a s i c  
p r i n c i p l e s  a r e  i n d i s p u t a b l e .  I t  i s  a l s o  a  f a c t  t h a t ,  i n  genera l :  
( a )  t h e  c o e f f i c i e n t s  o f  performance o f  many a1 t e r n a t i v e  energy systems 
a r e  s i g n i f i c a n t l y  l ower  than t h e  c o e f f i c i e n t s  o f  performance o f  t r a d i  - 
t i o n a l  o i l  and gas-based systems; and (b )  t h e  c o e f f i c i e n t s  o f  p e r f o r -  
mance o f  f o s s i l  -based systems decrease as t h e  resource  i s  dep le ted.  
Remaining g e o l o g i c a l  depos i t s ,  i n  genera l ,  a r e  more d i f f i c u l t  t o  f i n d ,  
recover ,  and r e f i n e  than  those  t h a t  have a l r e a d y  been dep le ted.  
I n  t h e  pas t ,  assessments o f  n e t  energy r e t u r n s  and t i m e  de lays  
i n  n e t  energy r e t u r n s  were n o t  e s s e n t i a l  components o f  p o l i c y  p lann-  
i ng ,  because t h e  ga ins  f o r  t h e  energy systems i n v o l v e d  a r e  i n t r i n s i c a l l y  
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high -- f a r  above 15 or 20. However, as Figure 3 c lear ly  indicates,  
when the gain drops t o  about 10 or below, the decrease in net energy 
returns expressed as a fract ion of the total  output decreases d is-  
proporti onatel y with corresponding disproportionate increase in cost .  
For these reasons, assessments of the energy ultimately obtainable 
from al ternat ive  resources and the r a t e  a t  which they can be developed 
t o  replace the natural f lu id  fuels  can be very deceptive and unreal i s t i c  
unless the physical principles outl'ined here a re  taken into considera- 
t ion.  Without a doubt, the subtlety of these principles i s  a major 
source of b o t h  confusion and complacency about the future avai labi l  i ty 
of energy and i t s  real cos t .  Much of the petroleum locked in shale 
deposits or natural gas contained in geopressurized brine, fo r  example, 
may be simply inaccessible as a primary energy source because i t  cannot 
be recovered with a net energy return or the coefficient  of performance 
fo r  the recovery system may be prohibitively low. 
I 11. ENERGY EFFICIENFY IN TRANSPORTATION 
The quantity of energy avail able t o  industr ial  ized economics has 
been increasing a n d  i t s  real cos t  decreasing ( r e l a t i ve  t o  labor,  land, 
and  other fac tors  of production) from year t o  year ever since the 
natural f lu id  fuels  were tapped. The extraordinari ly rapid r a t e  of 
industr ial  growth i n  the Western world during the past half century i s  
a t t r ibutable  t o  the high energy gains ( r a t i o  of net to  gross) in t r ins ic  
t o  the f lu id  foss i l  fue l s .  The principles developed in the previous 
section notwithstanding, many are  s t i l l  not prepared t o  accept the f a c t  
t ha t  technology probably cannot perpetuate these very recent historical  
trends indef ini te ly .  B u t  the evidence i s  overwhelming tha t  even under 
the most optimistic technological expectations, the real cost of energy 
will s teadi ly  increase in the foreseeable future.  The question of avail-  
ab i l i t y  aside,  t h i s  f a c t  alone makes conservation in transportation an 
imperative. 
Given t h a t  each new unit  of energy will cost  more than the l a s t ,  
i t  follows from simple logic tha t  the only way we can retain our stan- 
dard of 1 iving in the developed countries i s  t o  use t h i s  and other 
resources more e f f i c ien t ly .  Attempts to  perpetuate an energy-i ntensive 
transportation system indefini tely will only accelerate the r i s e  in 
the real cost  of l iving and hasten the ultimate decline in our stan- 
dard of 1 iving. Every opportunity must be taken t o  extend the 1 i f e  
of our durable products, reduce the energy in tens i ty  of our transpor- 
t a t ion  system, and otherwise improve the overall energy efficiency 
of the economy. 
The U.S .  transportation system i s  or should be a major component 
of a comprehensive s t a t e  and national eneKgy conservation program. 
More than 25% of current annual U.S. energy consumption i s  used t o  
fuel the transportation system, and more than 15% i s  required t o  build 
and replace the automobiles, t rucks,  a i r c r a f t ,  ships,  and other com- 
ponents of moving stock. Thus, more than 40% of the U.S. energy con- 
sumption i s  associated d i rec t ly  and indi rec t ly  with the maintenance 
and operation of the transportation system. Of part icular  concern 
i s  the f ac t  t h a t  the system uses no other fuel than petroleum, account- 
ing fo r  more than 50% of U.S. petroleum consumption. Further, more 
than 74% of the end-use energy in the transportation system i s  associ- 
ated with automobiles and trucks. 
Energy conservation in transportation as  presented by the U .S .  
Secretary of Transportation in May, 1978, iden t i f i e s  three basic ways 
of improving the energy efficiency of our transportation system: 
( 1  ) improved management of the exist ing systems and  improved technologies, 
(2)  sh i f t ing  a portion of travel t o  more energy-efficient modes, and 
( 3 )  traveling less .12 These divisions provide as good a framework as 
any for  identifying technical a1 ternat ives tha t  should be considered 
in a comprehensive and coordinated energyltransportation pol icy package. 
Improvements in the Existing System 
Technical and managerial improvements within the framework of 
the exist ing system as presented by the Department of Transportation 
( D O T )  include: 
a )  improved a u t o  fuel economy -- from 18 miles per gallon in 
1978 to  27.5 miles per gallon in 1985. 
b )  improved vehicle ( ca r ,  truck, and bus) maintenance and driv 
ing performance -- bet ter  vehicl e maintenance, improved 
dri ver education, radi a1 t i  re appl i cation, e tc .  
c )  t r a f f i c  operation and maintenance -- enforcement of the 
55 mph speed l i m i t ,  reduction of t r a f f i c  congestion a t  
freeway entrances and e x i t s ,  r igh t  turns on red,  e t c .  
d )  conservation in a i r  travel -- improved engine performance, 
increased passenger load fac to r ,  revised take-off and landing 
procedures. 
e )  r a i l  improvements -- f r e igh t  car  management, e l ec t r i f i ca t ion  
of highly traveled r a i l  1 ines,  improved locomotive performance. 
Most of these adaptations can take place in a re la t ive ly  short  
period of time and a t  r e l a t ive ly  low cos t ,  and potential ly they can lead 
to  s igni f icant  savings in the d i rec t  energy consumption with the present 
sys tern. 
In addition t o  the d i rec t  savings in end use, i t  i s  also possible 
t o  e f fec t  very s igni f icant  reductions in the indi rec t  energy required 
t o  support the present system. These include b u t  a re  not 1 irnited t o  
the following: 
a )  technological improvements t o  increase both the technical 
and economic 1 i f e  of the automobile.* 
b )  road management practices which great ly reduce the impact 
of corrosive chlorides for  snow or  ice  removal -- using 
1 ess corrosive materials t o  control hazardous conditions , 
mandatory f l e e t  rus t  proofing in the northern "snow be1 t i '  
s t a t e s ,  and  other  technologies t d  increase the useful 1 i f e  
in the vehicle. 
These adaptations a re  technically feas ib le  and could r e s u l t  in 
s ingi f icant  improvements of overall eff iciency,  since more than 15% of 
the energy consumed in the U.S. i s  associated with the production of 
moving stock. Private industry in Michigan can and to some extent 
has already begun t o  take the i n i t i a t i v e  in increasing the technical 
and economic 1 i f e  of the automobile through improved product design 
and manufacture. 
B u t ,  the subject of l i f e  cycle ef f ic iencies  i s  not limited t o  
t ransportat ion.  The subject pervades the e n t i r e  durable products sec tor  
*There i s  1 i t t l e  evidence t h a t  cosmetic s ty l ing  has any e f fec t  upon an 
automobile's economic l i f e .  Although s ty l ing  has a d i s t i n c t  e f fec t  upon 
interf irm competition f o r  new car s a l e s ,  automobiles a re  not scrapped 
prematurely due t o  s ty l ing  which may be obsolete. 
of the economy. Our s t a t e  of well -being in matters of "durable" 
products such as clothing, automobiles, housing, and household appli- 
ances i s  more appropriately measured by the stmding stock ( s t a t e s )  
and not solely by the production ra tes  (f lows).  Unfortunately, gross 
national product ( G N P ) ,  as  currently conceived and computed, makes 
no such d is t inc t ion .  
I n  retrospect ,  i t  would appear tha t  the pol i t ica l  and economic 
systems of much of the industr ial ized world have placed undue emphasis 
on labor productivity (material flow ra tes  per man hour) and aggregate 
l e i su re  in a rather  narrow sense without adequately considering the 
overall energy ef f ic iencies  of our system of production and consumption. 
For example, a labor force A t ha t  produces 4 mill ion cars per year 
with an average economic l i f e  of 12 years i s  more energy e f f i c i e n t  and 
provides more l e i su re  time than labor force B (of the same s i ze )  pro- 
ducing 5 million cars  per year with an average economic l i f e  of 8 years. 
Yet conventional economic accounting procedures would regard 1 abor 
force B as more productive than A ,  since i t  contributes more t o  GNP, 
and creates more jobs. 
Throughout most of the period of Western industr ial  iza t ion ,  the 
a b i l i t y  to economically induce increases in the flow ra tes  of materials 
and  energy in the system in response t o  varying levels  of demand has 
been a prerequisi te  t o  maintaining economic s tabi l  i t y .  This paradigm 
of system management promotes product 1 i f e  cycle ineff iciencies and 
has been possible because resource 1 imitations have not been -- unti l  
very recently -- a limiting fac tor  in the production process. 
More Efficient  Modes 
The d is t r ibut ion  of energy use in the various transportation modes 
fo r  the United States i s  shown in Figure 6 .  The current dominant modes 
are autos and trucks. Current assessment of energy requirements per 
ton/mile for  f r e igh t  transported by truck are  four t o  f ive  times higher 
than by r a i l  o r  water. Similarly, current assessment of energy require- 
ments per passenger/mile by auto a r e  two to  three times more than r a i l .  
These assessments, however, do not take into consideration the ridership 
and f re igh t  load factors  t h a t  c u r r e n t l ~ ,  ex i s t  on most systems. Nor do 
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they take into consideration the energy required t o  build and maintain 
the capital  stock. Direct l ine  passenger and f re igh t  hauls must also 
be supported by indi rec t  d is t r ibut ion  services.  Studies publ i shed by 
the Office of Technology Assessment and General Motors, for  example, 
indicate tha t  e f fo r t s  t o  increase t r a n s i t  ridership t o  20 percent of 
a l l  urban t r i p s ,  compared t o  the present level of 6 percent, actual ly 
would increase energy use. This would occur due t o  the increasingly 
long t r i p  times and higher frequency of t r i p s  required t o  provide im- 
proved access t o  publ i c  t r a n s i t .  Other s tudies suggest tha t  i t  may 
take as many as 50 years for  the BART system t o  recover energy savings 
equal t o  the  energy used in  building the system. If  t h i s  i s  t r u e ,  
then cer ta in ly  such systems contribute 1 i t t l e  i f  anything t o  energy 
conservation; a t  l e a s t  n o t  in the short  and, medium terms. As in the 
case of a l te rnat ive  energy sources, the - net energy saved over the econ- 
omit l i f e  of a l te rnat ive  modes i s  an important fac tor  t o  be considered. 
To improve load factors  of r a i l  f r e igh t  systems and increase the 
access and r idership of public passenger t ransportat ion,  unfortunately, 
requires basic adaptations in the s t ruc ture  of the transportation sys- 
tem, as well as  the community and industrial infrastructure i t  supports. 
Adaptation of the s t ruc ture  of the urban community t o  make l i g h t  r a i l  
a viable option i s  par t icular ly  d i f f i c u l t .  Sprawling suburbs as we 
know them a re  n o t  compatible with these systems. Many years will be 
required t o  make the necessary adaptations in  community infrastructure 
t o  u t i l i z e  them effec t ive ly .  Accordingly, recognition of t h i s  s i tua t ion  
indicates t h a t  high p r io r i ty  should be placed on increasing the e f f i -  
ciency of autos a n d  trucks and on the conservation of energy in t rans-  
portat ion.  The grea tes t  energy conservation potential in the short  and 
medium terms, apart  from increasing fuel economy through f l e e t  average 
requirements, 1 ies  in increasing automobile occupancy through car pool - 
ing, van pooling, and shared-ride t a x i s ,  and in increasing the load 
fac tors  and eliminating "dead heading" in trucking. 
The conservation potential of publ i c  t r a n s i t  i s  at tainable only 
over a much longer planning horizon and i s  closely linked with changes 
in 1 and-use dens i t ies .  In f a c t ,  the re1 ationshi ps between transporta- 
t ion ,  energy, and land-use a r e  so strong tha t  the conservation potential 
of public t r a n s i t  cannot be achieved on a piecemeal basis.  What i s  
required a t  b o t h  the s t a t e  and federal levels i s  comprehensive long- 
range transportation development and redevelopment consistent with 
the lead times required t o  make the requisi'te s tructural  changes. 
The Sta te  of Michigan i s  surrounded by lakes and waterways tha t  
potential ly might be developed into an energy-efficient transportation 
network connecting the s t a t e  t o  both the heartland of the continent 
as we1 1 as the international seaways. A combi ned raillwaterlhighway 
system capital izing on these natural resources potential ly might give 
Michisan increased competitive advantaqe over other s t a t e s  in man.v of 
the heavy industr ies  as the cost  of enerq.y increases. I t  ma,y be a 
c r i t i c a l  fac tor  in making the coal from western f i e lds  available t o  our 
Michigan industries a t  costs t h a t  a re  competitive t o  other parts of the 
country. 
Reducing Transportation Demand 
The need for  t r ave l ,  and hence the level of passenger and f re ight  
transport required t o  support an economy, i s  heavily dependent upon 
1 and-use a1 locations a n d  the degree of regional economic d ivers i f ica-  
t ion and 1 eve1 s of regional economic self-suff iciency , The extra-  
ordinari ly low cost  of transportation in the decades past has made i t  
possible for  regions of the country t o  special ize in a re la t ive ly  small 
number of products and capi ta l ize  on economies of scale associated 
with high-volume production. To the extent tha t  the r i s ing  cost of 
energy cannot be counter-bal anced by increased energy efficiency in 
t ransportat ion,  economic forces will eventual ly  tend t o  redis t r ibute  
many of the indust r ies ,  generate new patterns of human settlement, and 
make other adjustments in land-use which reduce both passenger and 
f re ight  transportation requirements. Already there are  scat tered in- 
stances around the country of the reversal in the wave of suburban 
settlement to  a move back t o  the c i t i e s  (o r  a t  l e a s t  t o  the f i r s t  c i r c l e  
of suburbs) so as t o  reduce the amount of travel associated with em- 
ployment and t o  par t ic ipa te  in the cultural  and other a c t i v i t i e s  of 
the c i t i e s .  These movements apparently are also motivated by a desire 
to  improve the day-to-day self-suff iciency of communi t i e s  so tha t  
transportation needs are  1 essened . 
Changes in land-use a l locat ions ,  urban form, and levels  of 
regional economic d ivers i f ica t ion  c lear ly  go hand in hand with trans-  
portation planning and development. Long lead times a re  required t o  
design, develop, and modify the transportat ion sys tem in anticipat ion 
of these changes. Further transportation planning can be a posi t ive 
force in giving direct ion to  land-use al locat ions and  the community 
s t ruc tures  so as t o  minimize transportation requirements. I t  i s  well 
established tha t  the s t ruc ture  of the r a i l  system in the United States 
was a major fac tor  in determining the location of many of our major 
metropol i  tan areas.  I t  i s  also we1 1 known t h a t  the t ro l l ey  system, 
ra ther  than the automobile, gave Los Angeles i t s  i n i t i a l  sprawling 
s t ruc ture  -- although suburban growth and development around the t r o l -  
ley system was very d i f ferent  from tha t  associated with a ubiquitous 
grid of highways and s t r e e t s .  
The central point i s  t h a t  an integrated systems approach t o  re- 
gional and urban economic development and redevelopment can and  must 
have a major influence on t he  level of t ransportat ian services required 
to  support routine economic a c t i v i t i e s .  Reducing the routine aspects 
of t ransportat ion i s  an essential  component in allowing the various 
transportat ion modes t o  be used fo r  weekend travel and recreation -- 
a c r i t i c a l  fac tor  in preserving our standard of 1 iving in the face of 
inevitable increases in the cos t  of energy. 
The urban-suburban complex in Southeastern Michigan should re-  
ceive special a t tent ion  now. I t  i s  perhaps one of the most energy- 
intensive urban s t ruc tures  in the nation. The s t a t e  should consider 
i n i t i a t i n g  a study of the long-term potential energy savings tha t  a re  
available in the Detroit  urban/shbruban area through coordinated 1 and- 
use pol ic ies ,  t ransportat ion development, and u t i l  i  t i e s  planning. Of 
par t icular  in te res t  i s  the f e a s i b i l i t y  ( technical ly and socia l ly)  of 
promoting the evolution of the exist ing s t ruc ture  toward a multi- 
nucleated c i t y  by increasing the in tens i ty  and d ivers i ty  of land-use 
around existing malls a n d  community centers so as t o  support both pub-  
1 i c  t ransportat ion and d i s t r i c t  heating systems. Areas in between 
which are currently dominated by 5-10 acre plots  perhaps might remain 
low densi ty,  preserving the option for  nigh-intensity garden farming 
and rec rea t i on  a t  some p o i n t  i n  t he  fu tu re .  These and o the r  land-use 
pa t te rns  t o  reduce t he  need f o r  t r a v e l  and t o  accommodate e f f i c i e n t  
modes (whether small e l e c t r i c  o r  motor cars and/or l i g h t  r a i l )  need t o  
be considered now so t h a t  t he  evo lu t i ona ry  adaptat ions can be i n i t i a t e d .  
ECONOMIC IMPLICATIONS : A PRELIMINARY KSESSMENT 
Employment and Cap i ta l  Investment 
Unfor tunate ly ,  most of t he  components o f  energy conservat ion i n  
t r a n s p o r t a t i o n  imply  major reduc t ions  i n  employment oppo r t un i t i e s  i n  
t h e  automot ive i n d u s t r y  i n  t h e  medium and long  terms. I n  t h e  l o n g  
term, conservat ion measures w i l l  p ro long t he  1 i f e  o f  t he  low-cost  na- 
t u r a l  f l u i d  fue ls .  Also i n  the  long-term, increases i n  t he  c o s t  o f  
energy r e l a t i v e  t o  l a b o r  w i l l  mo t i va te  t h e  development o f  p roduc t ion  
technolog ies i n  a l l  sectors  of the economy t h a t  a re  r e l a t i v e l y  more 
l abo r - i n t ens i ve  than they now are.  
I f  t he  pub1 i c  accepts small cars ,  i t  i s  poss ib l e  t h a t  automot ive 
employment w i l l  a c t u a l l y  increase i n  t h e  shor t - term as the  n a t i o n  changes 
over t o  small cars,  p a r t i c u l a r l y  - i f gas01 i n e  p r i c e s  increase i n  l i n e  
w i t h  p r i c e  i n  many o the r  coun t r ies .  To improve t he  energy e f f i c i e n c y  
o f  today 's  f l e e t  o f  120 m i l l  i o n  automobiles, many o f  these automobiles 
must be scrapped. 
Pre l  i m i  nary  assessments suggest t h a t  t he  major nega t i ve  and poten- 
t i a l  l y  p r e c i p i t o u s  economic impact i s  t o  be found (a )  i n  medium-term 
employment d i s l o c a t i o n s  i n  t he  automot ive i ndus t r y ,  and (b )  i n  t he  
shor t - term c a p i t a l  investment demands on t he  automot ive i n d u s t r y  r e -  
qu i r ed  t o  r e t o o l  t h e i r  p roduc t ion  f a c i l  i t i e s  f o r  smal l  veh ic les .  
I t  i s  gene ra l l y  agreed by a l l  concerned t h a t  automobiles must be- 
come more energy-ef f  i c i e n t  and durabl  e  as domes t i c  product  i o n  of pe t r o -  
l eum dec l  ines,  p e t r o l  eum impor ts  con t inue  t o  increase, and f u e l  p r i ces  
cont inue t o  r i s e .  Since Mich igan 's  economy, i n  p a r t i c u l a r ,  and t h e  
n a t i o n ' s  economy, i n  general , i s  c u r r e n t l y  dependent upon t h e  economic 
h e a l t h  o f  t h e  domestic auto i ndus t r y ,  t h e  t r a n s i t i o n  t o  ene rgy -e f f i c i en t  
automobiles should be planned t o  min imize poss ib le  economic hardships.  
For example, i t  was very  apparent i n  1974 t h a t  t he  recess ion i n  the  auto 
i n d u s t r y  con t r i bu ted  s i g n i f i ~ a n t l y  t o  t he  recess ion  i n  the  S ta te  of 
Michigan. Unemployment b e n e f i t s  became exhausted, s t a t e  t a x  revenues 
decl ined dras t ica l ly  and s t a t e  revenues fo r  welfare and academic in- 
s t i t u t i o n s  were curtai led s igni f icant ly .  
Inequities 
Increases in the real cost  of energy impact d i f f e ren t i a l ly  and 
inequitably on the various income groups within our society -- direc t ly  
in terms of fuel costs  and indirect ly in terms of the cost  of owning 
and maintaining an automobile as a prerequisi t ie  t o  using our highway 
system. The 1 imi ted availabi l  i ty  of 1 ess energy-intensive urban and 
interurban modes of transportation, and the sprawl i ng 1 ai  ssez-faire 
s t ruc ture  of metropolitan areas ,  provide the individual with 1 imited 
opportunity t o  mi t iga te  these increased costs .  
So f a r ,  we in the United States have had no experience with the 
social inequit ies  imposed by increases in the real cost  of energy. 
Energy prices have, in f a c t ,  been held a r t i f i c a l l y  low in an attempt 
t o  l imi t  inf la t ion  and t o  mitigate inequit ies .  Increases in 
fuel costs  have not as y e t  exceeded general inf la t ion  1 evels ,  b u t  a1 - 
ready transportation and u t i l  i ty  subsidies for  the economically di s-  
advantaged have been in i t i a t ed  by the federal government a s  well as 
some s t a t e s .  
To bring about the much-needed structural  changes in the economy, 
energy must ultimately r e f l ec t  the true cost  of production and the 
social cos t  of the associated environmental impacts. As the real cost 
of energy and transportation r i s e s ,  the inf la t ion  and inequity impacts 
are  sure t o  be of increased concern. Less energy-intensive modes of 
transportation and more organized communi ty s tructures are essential 
t o  mitigate these impacts. Increases in the fuel efficiency 
and l i fe-cycle efficiency of the automobile are  essential t o  i t s  con- 
tinued widespread affordabil i t y  and use. To t h i s  extent ,  energy con- 
servation in transportation potential ly can have a very positive social 
impact. I t  most assuredly can have a positive impact on reducing man- 
induced changes in the composition of the e a r t h ' s  atmosphere and heat 
balance, thereby reducing the social and economic expenditures for  
envi ronmental protection measures. 
Potential Long-Tern Gains 
In the  long term, as the cost of energy re la t ive  t o  labor increases 
(as i t  must), there will be a gradual s h i f t  t o  more labor-intensive 
technologies, and as previous developments have shown, the labor and  
capital  required t o  produce a unit  of energy will increase as we move 
from high-gain sources t o  a l te rnates  t h a t ,  in general,  have a substan- 
t i a l l y  lower gain. The problem i s  not tha t  change i s  bad o r  tha t  there 
are no a l te rnat ive  economic and employment opportunities: change always 
provides new opportunities.  The problem i s  in recognizing the opportuni - 
t i e s  and formulating a timely s e t  of goals and policies fo r  capital izing 
on them. More spec i f i ca l ly ,  in the medium and long term, c a p i t a l ,  labor, 
and energy savings resulting from the adaptations in the automotive in- 
dustry are required t o  develop appropriate t ransportat ion systems, de- 
vel o p  new integrated community energy sys tems , and otherwise redevelop 
or  res t ruc ture  our communities. The potential a1 so ex i s t s  fo r  increased 
employment in agricul tu re ,  refores ta t ion ,  fo res t  management, "energy 
farming ," food production, and other aspects of rural resource develop- 
ment, redevelopment, and management. The long-term imp1 ied s h i f t  in the 
balance between rural (including small communities) and urban popula- 
tions potential ly could lead t o  a reduction in the energy in tens i ty  of 
the food chain and improved physical and social environments fo r  many 
w h o  a re  now economically and socia l ly  disadvantaged. 
POLICY DIRECTIONS 
The problem facing the United States and indeed the e n t i r e  indus- 
t r i a l  ized world can be simply s ta ted:  We a re  moving from a period of 
declining real cost  of energy and perceived unlimited suppl ies  of na- 
tural  petroleum a n d  gas t o  a period of r i s ing  real costs  of energy and 
a real decline in the availabi l  i t y  (gain)  of these resources. 
The Michigan economy, dominated as i t  i s  by the automotive industry, 
must expect serious impacts on i t s  employment, income, and tax revenues 
unless special and unusual cooperation i s  established between the fed- 
eral and s t a t e  governments and the transportation industry in carrying 
out cer ta in  c r i t i c a l  t rans i t ions  in our economy. 
A recent study by Harbridge House* presents several conclusions 
related exclusively t o  the economic s e n s i t i v i t i e s  of federal regulations 
on fuel eff iciency,  environmental standards, and safe ty .  
An abridged statement of these conclusions i s  as follows: 
I .  The regulatory process and pace are accelerating structural changes 
i n  the automotive industry, largely by magnifying traditional economies 
of financial scale. This i s  l i ke ly  t o  lead t o  an increasing concentra- 
t ion  o f  market share by one or two o f  the largest companies. 
Along with t h e i r  intended benefi ts  t o  the pub1 i c  in such areas as 
energy conservation, occupant sa fe ty ,  and emissions control ,  federal 
regulatory programs are  changing the economics of American automobile 
manufacture. The unprecedented acceleration of new product develop- 
ment and the  scope of e f f o r t  required t o  create new generations of 
passenger cars tha t  b o t h  s a t i s f y  regulatory standards and meet con- 
sumer needs has led the three l a rges t  American companies t o  fore-  
c a s t  capital  investments of $43.7 b i l l  ion over the next f ive  years ,  
double the amount invested by them in the previous five-year period..  . 
. . .The regulatory framework has magnified exist ing differences be- 
tween U .S.  automakers by applying equally d i f f icul  t standards t o  
unequal companies. The smaller firms will e i t h e r  have t o  be unusually 
s k i l l f u l  o r  uncommonly lucky t o  reach 1985 with market shares and a 
product l ine  breadth similar  t o  those of the past.  Without such s k i l l  
or luck the  regulatory framework will contribute t o  a considerably 
grea ter  degree of re1 a t ive  industry concentration. 
2. The cost impact of regulatory standards, i f  passed through i n  m t o -  
mobile prices along with other cost increases af fect ing automobile 
production, i s  l i ke ly  t o  create annual price increases that  will 
exceed rates of in f la t ion  or growth i n  consumer income. I f  so, 
t h i s  may lead t o  the postponement of conswner auto purchases or 
of a " thr i f t ing"  of purchase patterns, e i ther  or both of which would 
diminish internal in-vestment flows and thus adversety a f f e c t  the 
capacity of the American automakers t o  generate the investment funds 
needed for regulatory compliance. 
*"Corporate Strategies of the Automotive Manufacturers. " VI I .  Executive 
Summary of Conclusions Prepared f o r  U.S. Department of Transportation, 
~ n t e r i m  Report. 1978. 
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Dur ing t h e  p a s t  10 t o  15 yea rs  American automakers have chosen t o  
keep p r i c e  increases below t h e  1 eve1 o f  increases i n  t h e  c o s t  o f  
1 i v i n g  and persona l  income. Th is  was done i n  t h e  e x p e c t a t i o n  t h a t  
i t  would h e l p  s u s t a i n  h i g h  volumes o f  demand s i n c e  purchas ing be- 
h a v i o r  seemed more s e n s i t i v e  t o  these r e l a t i o n s h i p s  than any o t h e r s .  
k consequence o f  t h i s  p o l i c y  has been a steady downtrend i n  t h e i r  
r e t u r n  on sa les  (ROS) percentage.  However, r e t u r n  on shareho lders  ' 
e q u i t y  (ROE) has l a r g e l y  been sus ta ined  d u r i n g  t h i s  same p e r i o d  by 
a r e l a t i v e  d e c l i n e  i n  new c a p i t a l  investment  and by volume growth.  
3.  The length of the product planning cycle has been stretched t o  f ive 
or more yegrs by the organic character of change reauired t o  meet 
regulator,; requirements. e s p i t e  the e f f o r t s  of the automakers t o  
delay "point of no returnf'  decisions as long as possible i n  the 
cycle, they are nonetheless making many basic decisions without 
the sort  of confidence that  a closer view of conswner in teres t s  
and behavior would provide. This increases r i sks ,  especially for 
the smaZZer American companies that  cannot absorb any major product 
errors. 
The p roduc t  p lann ing  process t y p i c a l l y  begins w i t h  an e f f o r t  t o  
i d e n t i f y  consumer i n t e r e s t s  and t o  i n t e g r a t e  these  w i t h  such b u s i -  
ness o b j e c t i v e s  as p r o f i  t a b i l  i ty, volume growth,  and improved 
market  share. The c y c l e ,  however, has grown p r o g r e s s i v e l y  1 onger 
s i n c e  each succeeding new p roduc t  program i s  t e c h n i c a l l y  more 
complex than  i t s  predecessors.  The c y c l e  now r e q u i r e s  a t  l e a s t  
60 months f o r  a new p roduc t  t h a t  does n o t  embody unusual new tech -  
no logy  and may s t r e t c h  t o  seven yea rs  i f  e x t e n s i v e  new techno logy 
i s  r e q u i r e d .  
4. In  the event of i n i t i a l  conswner resistance t o  new vehicle config- 
urations, price increases influenced by regulatory costs ,  or CAFE- 
related product mix goals of the American manufacturers, the mar- 
keting capabil i t ies of the uukomakers can probably succeed i n  
counteracting some resistance, but e f f o r t s  to  counter major res i s -  
tance may r e su l t  i n  a shrinking of prof i t  margins and, with t h i s ,  
a shrinking of internal Lnvestment flows. 
The use of conventional marketing tools,  especially consistent ad- 
vertising in high volume, appears t o  have been an effective means 
of inducing the publ i c  t o  accept moderately novel configurations 
to which there has been some i n i t i a l  resistance, such as the new 
down-si zed General Motors A-body vehicles. Any deep-seated res is-  
tance or major obstacles are more unyielding t o  the marketing tools 
available t o  the automakers and require tools tha t  diminish prof i t  
margins . These include deal er  incentive programs, special accessory 
"package" promotions aimed a t  the publ i c ,  and dealer rebates. In 
the most extreme si tuations di rect  rebates t o  purchasers have been 
ut i l ized.  
5 .  Even a minor recession i n  the next e ight  years i s  l i k e l y  t o  destroy 
the a b i l i t i e s  of C h q s l e r  and AMC t o  maintain the i r  announced i n -  
vestment programs t o  meet already established regulatory require- 
ments. A major recession, corparable t o  tha t  of 2974-2975, or a 
second minor recession prior t o  1985 would lead GM and Ford, between 
them, t o  ra i se  approximately $ 5  b i l l i o n  of new capital  simuZtaneously 
i n  a capital  market of shrunken capacity.  As a point of reference, 
American's largest  corporate borrower, AT&T, has never raised more 
than $1.569 b i l l i o n  a t  a s ingle time. 
If a recession of half the re la t ive  magnitude of 1974-1975 in ter-  
venes (and i t  i s  d i f f i cu l t  to  imagine any continuous eight-year 
period without a t  1 east one moderate recession), General Motors 
and Ford, although seriously affected, should be able to meet 
thei r  capital needs through the i r  internal reserves and, perhaps 
some medium-term borrowing. The impact on Chrysler of even a 
modest recession might be catastrophic, forcing the company t o  
begin to dispose of marketable assets  or  to abandon some product 
1 ines. 
6. Current trends i n  the  t o r t  l i t i g a t i o n  system, working on the  high 
expectations l i k e l y  t o  be aroused by compulsory passive re s t ra in t  
systems, w i l l  cause a considerably higher frequency of product 
l i a b i l i t y  s u i t s  t o  be launched against the  automakers and, v e q  
l i k e l y ,  a higher product l i a b i l i t y  related cos t .  The magnitude of 
t h i s  incremental cos t  remains v i r t u a l l y  impossible t o  forecast.  
7.  Despite the dependence on a s ingle  technology (three-way c a t a l y t i c  
converters)  t o  meet 1982 emissions standards, desp i te  dependence 
on the Republic of South Africa a s  the  primary source o f  the cata- 
l y t i c  metals,  and despi te  a mismatch b e b e e n  the  natural occurrexce 
of t he  metals and proportional requirements for  them i n  the con- 
v e r t e r ,  it does no t  appear l i k e l y  t h a t  e-fh4.er t he  technical o r  the  
poZitica1 problems involved w i L l  i n t e r f e r e  wi th  the  a b i l i t y  of the  
automakers t o  meet 1981 standards . 
Although the above conclusions a r e  c lear ly  those of Harbridge House 
i t s e l f  and may n o t  coincide en t i r e ly  with views developed by other re-  
search groups, they nevertheless i l l  u s t r a t e  the scope and the complexity 
of the consequences of social objectives i n safe ty ,  environmental stan-- 
a rds ,  and fuel eff iciency.  Failure t o  consider the synergetic conse- 
quences of policy re la t ing  t o  these three areas could lead t o  very serious 
capital  expansion, empl omen t , and other  economic impacts -- a "cure" 
tha t  i s  potential ly worse than the "disease."  
Final ly  , the Harbridge House conclusions c l ea r ly  i 11 us t ra t e  the 
social and economic costs  tha t  potential ly a re  associated with rapid ad- 
justments. In addition to  the problems of premature obsolescence of 
production equipment and the  problems of new capital  formation, rapid 
t rans i t ions  can actual ly r e su l t  in a reduction in jobs in Michigan by 
forcing the industry t o  import production equipment and/or automotive 
parts  from foreign producers - -  components and tools which under more 
favorable time scales could be produced local ly  by exist ing firms. The 
order of magnitude of t h i s  impact has been estimated as tens of thousands 
of jobs potential ly l o s t  t o  the U.S. auto industry. Adequate planning 
horizons fo r  effect ing needed change a r e  absolutely essential  ; time i s  
one of our most precious non-renewable resources. 
Michigan, 1 i ke every other s t a t e ,  i s  heavily dependent upon low cos t ,  
re1 iable and ve r sa t i l e  transportation t o  support i t s  industry. Histori - 
ca l ly ,  the s t a t e  has played a pre-eminent ro le  in developing the present 
system. Our resource base i s  c lear ly  changing and the evolution of our 
transportation system must now take on new direct ions.  
The s t a t e  has f a l l en  heir  t o  the dubious d is t inc t ion  of being 
cal led on to  provide the wherewithal1 t o  downsizing of motor vehicles 
as the  f i r s t  much-needed major step in improving the energy eff iciency 
of the transportat ion system. As previous sections have indicated , the  
cos t  of t h i s  t r ans i t ion  t o  Michigan industry and i t s  c i t izens  in terms 
of capital  requirements and in potential employment dislocat ions imposes 
a burden on our economy unlike t h a t  experienced by any other s t a t e  in 
the nation. S ta te  policymakers and  industr ial  executives individually 
and col lec t ive ly  a re  faced with a very unusual and d i f f i c u l t  task of 
maintaining economic s t a b i l i t y  and f i sca l  solvency in the face of the 
economic t rans i t ions  t h a t  l i e  immediately ahead. I t  i s  suggested t h a t  
the following two major pol icy direct ions may be helpful in addressing 
some of the short-  and long- term economic imp1 icat ions of energy con- 
servation in t ransportat ion.  
Improved Government/Industry Cooperati on 
The relat ionship between industry and government, par t icular ly  a t  
the federal l eve l ,  can be characterized as adversarial in approach and 
largely one of mutual d i s t r u s t  and suspicion. This atmosphere must be 
redirected t o  one of cooperation and mutual t r u s t  b u i l t  around sober 
and real i s t i c  understandings of the nature of the problems we face 
and the  d i f f i c u l t  s teps t h a t  must be taken t o  deal with them. Areas 
of par t icular  concern in t h i s  regard include: 
a )  A more complete understanding on the part  of government of 
the nonhomogeneous nature of the auto firms, t h e i r  varying 
a b i l i t y  t o  respond t o  the  admittedly needed changes, and 
the social inequit ies  imposed by ignoring these differences;  
the  auto firms on  the  other  hand must understand the  urgency 
of presently imposed standards and the  need t o  adopt a long- 
term planning horizon in anticipat ion of changes t h a t  a r e  ye t  
to  come. 
b) The c r i t i c a l  ro le  of fuel pricing policy a t  the federal level 
in gaining consumer acceptance of small e r ,  more energy-efficient 
cars  -- v i r tua l ly  a prerequisi te  t o  meeting present federal ly 
imposed fuel economy standards in the time sca le  specif ied.  
c )  Mutual understanding o f  the c r i t i c a l  r o l e  o f  p lann ing t ime 
frames - and a  re1 i a b l e  and c a r e f u l l y  a r t i c u l a t e d  statement o f  
standards on emissions, fue l  performance, and s a f e t y  cons is-  
t e n t  w i t h  these t ime frames. Many o f  t he  adverse r e l a t i o n s h i p s  
t h a t  e x i s t  cen te r  n o t  so much around the  u l t i m a t e  goals and 
ob jec t i ves  bu t  around the  unce r t a i n t y ,  indec is iveness,  and i n -  
a r t i c u l a t e  expression of these goals  and ob jec t i ves  and the  
seeming a r b i t r a r i n e s s  of the  t ime  frames and t he  mechanisms 
f o r  ach iev ing  them. Q u i t e  s p e c i f i c a l l y ,  some o f  t he  auto com- 
panies a re  c u r r e n t l y  unable t o  e x p l o i t  t h e  d i ese l  engine be- 
cause of t he  u n c e r t a i n t y  surrounding f u t u r e  emission standards.  
The r i s k s  surrounding these u n c e r t a i n t i e s  a re  t oo  h igh .  Yet 
w i t hou t  such standards, t he re  a re  1  eg i  t ima te  environmental con- 
cerns i n  some reg ions o f  the  count ry .  
d)  Implementat i o n  o f  the  several  components o f  energy conservat ion 
r e f e r r e d  t o  i n  t h i s  paper requ i res  accel e ra ted  s t r u c t u r a l  changes 
i n  the  automot ive i ndus t r y .  I n  a d d i t i o n  t o  long- term bas ic  r e -  
search i n  the  development o f  more ene rgy -e f f i  cen t  and env i ron-  
men ta l l y  benign heat  engines, t he  i n d u s t r y  i s  faced w i t h  t he  
oppo r t un i t y  t o  g r e a t l y  expand t he  scope o f  i t s  involvement.  
It i s  i n  a  unique p o s i t i o n  t o  take a  much more comprehensive 
and systemic view o f  t r a n s p o r t a t i o n  ( w i t h  a l l  o f  i t s  p o t e n t i a l  
modes and intermodal i n t e g r a t i o n )  as a  suppor t ing element o f  
f u t u r e  economic growth and development and as a  major de te r -  
minant  o f  the  form and s t r u c t u r e  o f  ou r  urban communities. I f  
the  growth and development o f  t h i s  "new" i n d u s t r y  i s  t o  be r e -  
sponsive t o  t he  needs o f  the  n a t i o n  and the  s ta te ,  then bas ic  
research i n  the  u n i v e r s i t i e s  and i n d u s t r i e s  must be supported 
so as t o  p rov ide  sound s c i e n t i f i c  bases f o r  dea l i ng  i n  a  coo rd i -  
nated and h o l i s t i c  manner w i t h  t he  many components o f  conserva- 
t i o n  r e f e r r e d  t o  i n  Sec t ion  111. Through EPA, n a t i o n a l  focus 
and coo rd i na t i on  i s  prov ided f o r  research and development r e -  
l a t e d  t o  t he  environment. Through DOE, na t i ona l  focus and 
coo rd i na t i on  i s  prov ided f o r  research and development o f  new 
energy resources. The n a t i o n  has y e t  t o  develop a corresponding 
focus f o r  R&D re la t ing  t o  the integrated development in t rans-  
portat ion,  commerce, community s t ruc tures ,  and land-use al loca-  
t ions so tha t  we might use more ef fec t ive ly  those resources 
which we already have and adapt the  exist ing s t ruc ture  of our 
comnunities and transportation systems so they can, in f a c t ,  
u t i l i z e  the a1 ternat ive energy sources of the fu ture .  We a1 - 
ready know these a1 ternat ives will be very d i f fe ren t  in qua1 i ty 
and real cos t  from conventional sources. Transportation i s  
one of the most c r i t i c a l  sectors  of the economy, not only in 
terms of employment, b u t  in terms of the c r i t i c a l  support i t  
must continue t o  provide fo r  our industr ies  and the dominant 
ro le  i t  plays in determining the s t ruc ture  of our urban com- 
munities and l i f e  s ty les .  
Interagency Coordination 
The several components of conservation in transportation cannot be 
implemented one a t  a time according t o  narrowly defined cost-benefi t anal - 
ys i s  only or  in sequence s t r i c t l y  in terms of the i r  payoff horizon. The 
potential l y  negative economic and social impacts of conservation in t rans-  
portation must be negated insofar as possible by compensating develop- 
ments in other sectors  of the economy. In t h i s  important respect ,  the 
s t ab i l  i t y  of the s t a t e ' s  economy i s  increasingly dependent upon the level 
of coordination and cooperat ion between the departments of commerce, t rans - 
portat ion,  agriculture,  natural resources, and t h e i r  associated agencies. 
I t  i s  suggested t h a t  the interface between these agencies should be s ig-  
n i f icant ly  strengthened so tha t  col lec t ive ly  they provide a coherent s e t  
of policies and programs in the  pursuit of careful ly evaluated goals in 
t ransportat ion,  industry, agricul ture  , and human settlements which are  
consistent  with our changing resource base. The problems we face require 
constel lat ions of policies tha t  deal in a balanced and coherent way w i t h  
the many elements of change tha t  must take place simultaneously in the 
context of we1 1 -calculated time sca les .  
Pursuant t o  the conservation principles presented in Section 111, 
i t  i s  suggested t h a t  the added elements of interagency coordination can 
best be developed by focusing on speci f ic  development objectives. What 
i s  required i s  a mechanism f o r  identifying and carrying out part icular  
programs t h a t  a r e  of ma jo r  concern t o  t h e  f u t u r e  o f  M ich igan 's  economy. 
For example, what a r e  t h e  p o t e n t i a l  f u t u r e  economic b e n e f i t s  o f  develop- 
i n g  an i n t e g r a t e d  w a t e r l r a i l l h i g h w a y  system t o  e x p l o i t  t h e  water  systems 
t h a t  surround t h e  s t a t e ,  o r  t h e  p o t e n t i a l  energy sav ings and s o c i a l  and 
economic b e n e f i t s  of  mu1 t i n u c l e a t i o n  of  t h e  sp raw l ing  suburbs i n  South- 
eas te rn  Mich igan so as t o  acconmodate p u b l i c  t r a n s p o r t a t i o n  and d i s t r i c t  
hea t i ng? 
The f e a s i b i l i t y  s t u d i e s  and o t h e r  a c t i v i t i e s  i n v o l v e d  i n  i d e n t i f y i n g  
and assessing t h e  p o t e n t i  a1 benef i t s  o f  p a r t i  c u l  a r  i n te ragency  programs 
such as these m i g h t  be c a r r i e d  o u t  under c o n t r a c t  t o  MTRP o r  o t h e r  q u a l i -  
f i e d  research  o r g a n i z a t i o n s  under the  j o i n t  suppor t  and s u p e r v i s i o n  o f  
t h e  agencies.  It i s  suggested t h a t  such a  process i s  a  c r i t i c a l  f i r s t  
s t e p  i n  f a c i l  i t a t i n g  the  elements o f  i n te ragency  coopera t ion  and coord ina -  
t i o n  necessary t o  dea l  i n  a  p r a c t i c a l  and p r o d u c t i v e  way w i t h  t h e  economic 
and s o c i a l  impacts o f  r i s i n g  c o s t s  of  t r a n s p o r t a t i o n .  
Recomnendat i ons 
Pursuant t o  t h e  above p o l  i c y  cons ide ra t ions ,  i t  i s  recommended t h a t  a 
s p e c i a l  t a s k  force,  c o n s i s t i n g  o f  r e p r e s e n t a t i v e s  f rom t h e  Mich igan 
t r a n s p o r t a t i o n  i n d u s t r y ,  t h e  s t a t e  departments o f  government, t h e  
u n i v e r s i t i e s ,  and t h e  p r i v a t e  s e c t o r ,  be e s t a b l i s h e d  t o :  
1 )  F a c i l i t a t e  improved coopera t ion  between t h e  va r ious  agencies 
o f  t h e  f e d e r a l  government and t h e  Mich igan t r a n s p o r t a t i o n  i n -  
d u s t r y  i n  a c h i e v i n g  n a t i o n a l  l y  e s t a b l  i shed  goal  s  i n  energy 
conservat ion,  environmental  standards,  and s a f e t y  i n  t r a n s p o r -  
t a t i o n .  
2)  D e f i n e  s p e c i f i c  areas o f  research and development where c o o r d i  - 
nated and i n t e g r a t e d  developments i n  commerce, t r a n s p o r t a t i o n ,  
and human se t t l emen ts  can s i g n i f i c a n t l y  reduce t h e  s h o r t -  and 
long- te rm impact  o f  r i s i n g  energy cos ts  on t h e  economy o f  M i c h i -  
gan and i t s  c i t i z e n s .  
V I, INDUSTRY COMMENTARY 
Indus t r y  represen ta t i ves  o f  the MTRP Advisory Committee agree 
t h a t  energy i s  a  c r i t i c a l  element i n  our  economic f u t u r e  and recog- 
n i z e  t h e  need t o  improve energy e f f i c i e n c y  n o t  on l y  i n  the  t ranspor-  
t a t i o n  sector ,  bu t  i n  a l l  sectors  as we l l  . Incen t i ves  t o  improve 
e f f i c i e n c y  may be e f f e c t i v e  i n  inc reas ing  energy a v a i l a b i l i t y .  
There i s ,  however, some d i f f e r e n c e  o f  op in ion  regard ing t he  economics 
and u l t i m a t e  a v a i l a b i l  i t y  o f  energy and i t s  development. I n  add i t i on ,  
as fue l  economy standards become more s t r i n g e n t  i n  t he  f u t u r e ,  i t  i s  
1  i k e l y  t h a t  the  c o s t  o f  saving a  b a r r e l  o f  o i l  may become g rea te r  
than t he  c o s t  o f  producing a  ba r re l  o f  o i l  f rom a1 t e rna te  sources. 
Consequently t he  f u t u r e  we1 f a r e  o f  the  s t a t e  and the  n a t i o n  demands 
inc reas ing  a t t e n t i o n  t o  the  deveropment o f  a1 t e rna te  energy sources. 
The i n d u s t r y  represen ta t i ves  f e e l  t h a t  a  "slowdown" soc i e t y  i s  
n o t  a  v i a b l e  way t o  deal  w i t h  t he  energy problem, s ince  i t  o n l y  
postpones t h e  problem and leads t o  severe economic consequences. 
They be l i eve  t h a t  the  on l y  r e a l i s t i c  a l t e r n a t i v e  i s  t o  c o n s c i o u s l ~  
r e i n v i g o r a t e  i ncen t i ves  w i t h i n  the  economic system so t h a t  the  
necessary investment w i l l  be forthcoming f o r  both energy conserva- 
t i o n  and supply expansion. 
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